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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings of claims in the 
application: 

1 1 , (Currently Amended) A bandgap reference circuit comprising: 

2 first, second and third current sources (CS1, CS2, and CS3) adjusted to have the 

3 same current, the first current source feeding into a first BJT device module .(Q1). the 

4 second current source feeding into a second BJT device module (Q2) through a first 

5 resistor (R11 and the third current source connecting to a grounding voltage supply 

6 through a second resistor (R2); 



7 a current summing circuit; 

8 a first voltage passing unit connecting an output of [[CS1]] the first current source 

9 as its input and connecting its output to a first end of a third resistor (R3) and a first 

1 0 output of the current summing circuit; 

11 a second voltage passing unit connecting an output of [[C$3]] the thir d current 

12 source as its input and feeding its output to a first end of a fourth resistor (R4J and a 

1 3 second output of the current summing circuit; 

14 a fifth resistor {R5j connecting to a third output of the current summing circuit on 

15 a first end and the grounding voltage supply on a second end thereof, 

16 wherein a first current through t he fifth resistor [{R5]] bears a substantially linear 

1 7 relationship with a summation of a second current through the third resistor [[R3]] and a 

1 8 third current through the fourth resisto r [[R4]], 

19 wherein the outputs of the first and second voltage passing units track their 

20 respective inputs, and 

21 wherein by selecting predetermined values for th e first, second, third, fourth t and 

22 fifth resistors R1. R2, R 3 T "R4?»and-~R5 in conjunction with selections of the first BJT 

23 device module [[Q1]] and [[Q2]] the second BJT d evice module, a reference voltage of 

24 the circuit across R5 the fifth resistor is independent of temperature variations. 
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1 2. (Currently Amended) The circuit of claim 1 further comprises an operational 

2 amplifier with its positive input connected to the output of the first current source [[CS1]] 

3 and negative input connected with the output of the second cur rent_sourc_e [[CS2]J. 

1 3. (Currently Amended) The circuit of claim 1 wherein the current summing circuit 

2 provides the first current through [[R5]] the fifth r esistor equal to the summation of the 

3 second and third currents through the third resistor [[R3]] and the fourth r esistor [[R4J]. 

1 4. (Currently Amended) The circuit of claim 1 wherein the s econd BJT device 

2 module [[Q2]] has a predetermined number of BJT transistors connected in parallel. 

1 5. (Original) The circuit of claim 1 wherein the reference voltage is less than or 

2 equal to about IV. 

1 6. (Original) The circuit of claim 1 wherein a supply voltage of the circuit is less than 

2 about IV. 

1 7. (Currently Amended) The circuit of claim 1 wherein the first BJT device module 

2 [[Q1]] is a pnp type and receives the output of the first current source [[CS1]] at its 

3 emitter, and wherein {[Q2]] the second BJT device module is a pnp type and receives 

4 the output of the second current source ([CS2]] at its emitter through the first resistor 

5 [[R1]]. 

1 8. (Currently Amended) The circuit of claim 7 wherein a predetermined relationship 

2 among an emitter voltage of Q1 (V& e i) and an emitter voltage of Q2 (V^ 2 ) may be 

3 expressed mathematically by and the-resistors (R5 / R3) * (N^/cfT + ((R2 * R5) /{R1 * 

4 R4)) * d(Vbfti - VbQ2)/<^T=0 is zero v wherein cAWdT and </(V bo t - VWVtfT are respective 

5 changes of the emitter voltage of [[Q1]] the first BJT device module and a difference 



Page 5 of 1 1 



DM2\687A-11.1 



PAGE 6/14* RCVD AT 5(2312006 5:30:15 PM [Eastern Daylight Time] 8 SVR:USPTO-EFXRF-3/20 * DNIS:2738300«CSID:61M42201 1 DURATION (mm-ss):03-56 



05/23/2006 14:31 FAX 6197442201 



OUANE MORRIS SAN DIEGO 



© 007/014 



Appl. No. 10/304,708 Attorney Docket No.: TSMC2003-0804(N 1280-00050) 

Amdt. dated 05/23/2006 

Response to Office Action of 03/24/2006 

6 between the emitter voltages of the first and second BJT device modules Q4-and~Q2 

7 with respect to temperature, 

1 9. (Currently Amended) The circuit of ciaim 1 wherein Q-1— and-Q2 the first and 

2 second BJT device modules have their collectors grounded so that the reference 

3 voltage (VW>;), an emitter voltage of Q1 (V bR i), an emitter voltage of Q2 (V be2 ), and the 

4 resistors bear a predetermined relationship as represented mathematically by V^p = 

5 V w * (R5 / R3) + (V bo1 - V be2 ) * ((R2 * R5) /(R1 * R4)). 

1 10. (Original) The circuit of claim 1 wherein the first and second voltage passing units 

2 are unit gain buffers. 

1 11. {Currently Amended) A bandgap reference circuit comprising: 

2 first, second and third current sources (CS1 , CS2, and CS3} with an output of the 

3 first current source [[CS1]] output feeding into a first BJT device module an output 

4 of [[CS2]] the .se cond current source feeding into a second BJT device module [Q2) 

5 through a first resister (R1}> and an output of the thir d current source [[CS3]] connecting 

6 to a grounding voltage supply through a second resister {R2}; 

7 a current summing circuit for providing three current paths to the grounding 

8 voltage supply through third, fourt h a nd fifth three resistors (R3, R4, and R5} 

9 respectively, 

10 wherein the outputs of the first current source [[CS1]] and [[CS3]] the third current 

1 1 source are buffered and connected to the grounding voltage supply through [[R3]] the 

1 2 third and [[R4]] fou rth resistors respectively, 

13 wherein a temperature independent reference voltage (V RE p) across [[R5]} the 

14 fifth resistor is generated when an emitter voltage of Q1 (V b ei), an emitter voltage of Q2 

15 (V h fc2). and the resistors bear a predetermined relationship as represented 

16 mathematicatly by (R5 / R3) * <M M fdT + ((R2 * R5) /(R1 * R4)) * tf(V bel - V bc2 )fcfT =0, 

17 wherein <N b ^/dT and of(V bc i - V bC 2)/tfT are respective changes of the emitter voltage of 

18 [[Q1]3 the first BJ T device module and a difference between the emitter voltages of the 
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19 first BJT device modul e [[Q1]] and the seco nd. BJT device module [[Q2]] with respect to 

20 temperature. 

1 12. (Currently Amended) The circuit of claim 11 further comprises comprising an 

2 operational amplifier with its positive input connected to the output of the first current 

3 source [[CSTfl and negative input connected with the output of the sec ond current 

4 source [[CS2JJ. 

1 13, (Currently Amended) The circuit of claim 11 wherein the current summing circuit 

2 provides the current through the fifth re sistor [[R5]] to be proportional to the summation 

3 of the currents through the third resistor [[R3]] and the fourth resistor [[R4]]. 

1 14. (Currently Amended) The circuit of claim 11 wherein the second BJT devic e 

2 module [[Q2]j has a predetermined number of BJT transistors similar to [[Q1J] the first 

3 BJT device module connected in parallel. 

1 15. (Original) The circuit of claim 1 wherein the reference voltage is less than or 

2 equal to about 1V. 

1 16. (Original) The circuit of claim 1 wherein a supply voltage of the circuit is less than 

2 about 1V, 

1 17. (Currently Amended) The circuit of claim 1 wherein [[Q1]] the first BJT device 

2 module is a pnp type and receives the output of [[CS1]] the first current source at its 

3 emitter, and wherein the second BJ T device module [[Q2]J is a pnp type and receives 

4 the output of the second current source [[CS2]] at its emitter through the first resistor 

5 [[R1]]. 

1 18. (Currently Amended) The circuit of claim 1 further comprises first and second unit 

2 gain buffers setting voltages across [[R3]] the third resistor and ([R4|] the fourt h resistors 
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3 by passing the outputs of the first current source [[CS1]] and the third current source 

4 [[CS3]J. 

1 19. (Currently Amended) A method for generating a temperature independent 

2 reference voltage, the method comprising: 

3 generating first, second and third current outputs (CS1, CS2, and CS3), with the 

4 first current source [[CS1]] feeding into an emitter of a first pnp 8JT device module {Q1] f 

5 the second current s ource [[CS2]] feeding into an emitter of a second pnp BJT device 

6 module {Q2} through a first resistor fesfeteF ,(R1), and the third current source [[CS3]] 

7 connecting to a grounding voltage supply through a second resistor fesi&ter ,(R2); 

3 providing three current paths from a current summing circuit to the ground 

9 voltage supply through third, forth and fifth thfee resistors (R3, R4, and R5] respectively; 

10 imposing an emitter voltage of Q1 (V ho1 ) across the third resistor {(R3]j; 

11 imposing a voltage across [[R2]] the second resistor to be across the fourth 

12 resisto r [[R4]], 

13 wherein a temperature independent reference voltage (V R£ : F ) across the fifth 



14 resistor [[R5]] is generated when V be1 , an emitter voltage of Q2 (V be2 ). and the resistors 

15 bear a predetermined relationship as represented mathematically by (R5 / R3) * 

16 dV bo1 /orr + ({R2 * R5) /(R1 * R4)) * d(V bc i - V^ytfT =0, wherein c/V bo1 /rfT and d{V be1 - 

1 7 V be2 )/cfT are respective changes of the emitter voltage of [[Q1]] the first pnp BJT device 

18 module and a difference between the emitter voltages of [[Q1]j the firs t p np BJT device 

19 module and [[Q2]] the second pnp BJT device modu le with respect to temperature. 

1 20. (Currently Amended) The method of claim 19 further Gemfmses c omprising 

2 using an operational amplifier with its negative input connected to the first current 

3 source [[CS1]] and positive input connected with the second current source [[CS2]J for 

4 maintaining a same current through the first p np BJT device module [[Q1]] and the 

5 second pnp BJT dev ice module [[Q2]} . 
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1 21. (Currently Amended) The method of claim 19 wherein the current summing 

2 circuit provides the current through [[R5J] th e fifth resistor to be proportional to the 

3 summation of the currents through the third resistor [[R3]] and the fourth resistor [[R4]]. 

1 22. (Currently Amended) The method of claim 19 wherein the reference voltage is 

2 less than or equaf to about 1 V. 
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